To test whether colonizing macrofauna specialize on different types of small-scale patches of food and disturbance in the deep sea, sediment tray and artificial depression colonization experiments were conducted on the deep-sea floor at 900-m depth, south of St. Croix, U.S. Virgin Islands. Trays and depressions were unenriched (Unenriched Controls) or enriched with either Thalassiosira sp. or Sargassum sp. Concurrent deployment of different types of enrichment and disturbance made it possible to evaluate whether macrofauna specialize on different patches, and thus avoid species interactions that might lead to competitive exclusion. Depressions create a hydrodynamic regime that traps passive particles, allowing tests of the relative importance of active selection of different patch types versus passive deposition for abundant colonizers. After 23 d, total densities and densities of the four abundant colonizers (Capitella spp., Nereimyra punctata, Cumella sp. and Nebalia sp.) were extremely high in enriched trays, despite relatively low ambient densities. Densities in Unenriched Control Trays were very low, and did not attain ambient densities. After 24 d, total densities in all depression treatments were considerably lower than in enriched tray treatments, and only Sargassum Depression densities exceeded those in the ambient environment. Lower densities of organisms in depression treatments compared with trays and differences in densities among depression treatments suggest that the dominant colonizers were highly active and selective, and were not passively entrained in depressions. Fauna1 analysis indicated that trays and depressions were very different, and Sargassum Depression fauna was very different from other depression types. A strong difference was not observed between fauna in ambient sediments and Thalassiosira sp. or Unenriched Control Depressions, perhaps because Thalassiosira sp. was dropped in depressions on the sediment surface and may have been more readily available to consumers and more rapidly consumed than in trays. Thalassiosira Trays were colonized by a lower diversity fauna than Sargassum Trays, and Unenriched Control Trays were colonized by very low densities of a fauna that was comparable in diversity to the ambient community. Diversity in Sargassum Depressions was higher than in enriched trays but lower than in other artificial depressions and the ambient fauna. Thalassiosira Depressions and Unenriched Control Depressions were comparable in diversity to ambient fauna and natural depressions, which were highly diverse. These experiments suggest that fauna may respond quickly and selectively to artificial food patches and disturbance, and this fauna is different from that observed in the ambient sediment. Thus, a patch mosaic may be part of the 
Introduction
The recent suggestion that deep-sea ecosystems may actually rival tropical rain forests in species richness (Grassle and Maciolek, 1992) makes the study of immense diversity in a relatively homogeneous habitat such as the deep sea all the more intriguing. One explanation for this paradox is the patch-mosaic model, in which small-scale patches provide organic and spatial microhabitats for infaunal organisms, thus diminishing species interactions (Grassle and Sanders, 1973) . The applicability of the patch-mosaic model to deep-sea communities has gained indirect support from the growing body of literature on patchiness in the deep sea. One type of patch is created by carbon flux to the sea floor, and this flux may exhibit dramatic temporal (Deuser and Ross, 1980; Honjo, 1982; Billett et al., 1983) and spatial (Grassle and Morse-Porteous, 1987; Suchanek et al., 1985) variation. Carbon sources may range from phytodetritus (Billet et al., 1983) to macroalgae (Grassle and Morse-Porteous, 1987) to carrion parcels (Stockton and DeLaca, 1982; Smith et al., 1989) . Other forms of disturbance can create patches; biological activity may rapidly alter the surface topography of deep-sea sediments through movement of animals within and across the sediment , or through the feeding activity of motile predators (Smith, 1986) . Clearly, the deep sea is not as stable and homogeneous as was once thought (e.g., Sanders, 1969) .
A variety of taxa have been shown to respond to carbon flux and disturbance in the deep sea (reviewed by Gooday and Turley, 1990) . In all of the studies that have been conducted on the effects of patches on infaunal biodiversity, a different suite of species tended to dominate disturbances or organic patches relative to the ambient fauna, however, most of these studies were conducted in very different areas and focussed on a single patch type. Thus, it is unclear whether different forms of disturbance or patch type result in different fauna1 response within a habitat. With the exception of comparisons of enriched and unenriched sediments (Grassle and Morse-Porteous, 1987; Desbruyeres et al., 1985) , no study has demonstrated different biological responses to different types of disturbance or patch within a given area of the deep sea. Although a single type of disturbance response within a community may enhance diversity, different responses to different disturbances in time and space are necessary if the immense fauna1 diversity of the deep sea is the direct result of a patch mosaic.
We have reported elsewhere on experiments designed to determine whether different species respond to different "patch" types (Snelgrove et al., 1992) . Different species responded in different abundances to colonization trays that were unen-riched or enriched with different types of algae, a finding which supports the patch-mosaic model. We expand on those findings here and compare results to a second type of experiment where artificial depressions were enriched in a similar manner.
Artificial depressions are a more realistic analog to natural deep-sea processes than colonization trays, and thus allow a more comprehensive interpretation of colonization processes. Because of the hydrodynamic regime associated with depressions (see reviews in Snelgrove et al., 1993) passive particles that range in size from phytodetritus (e.g., Thiel et al., 1988) to macroalgae (Grassle and Morse-Porteous, 1987) tend to accumulate; thus natural depressions are a mechanism by which organic patches may form in deep-sea (and other) habitats. As an experimental manipulation, artificial depressions are also more realistic because trays isolate the contained sediment from the surrounding sediment, preventing burrowing fauna from invading through the sediment (Smith, 1985; Kukert and Smith, 1992) . By allowing invasion of burrowing fauna through the sediment, artificial depressions offer a more realistic analog to natural small-scale disturbances and patches.
The passive trapping characteristics of depressions also allow us to address the role of active habitat selection in deep-sea colonization. Mounting evidence suggests that colonization in shallow-water, soft-sediment ecosystems may be heavily constrained by near-bed hydrodynamics (reviewed by C.A. . If larvae are dependent on near-bed transport, comparable settlement ("trapping") might be expected in different depression types. Highly active colonization should result in colonization patterns that differ between depression treatments and are comparable to corresponding tray treatments.
The data presented here test whether different fauna respond to artificial patches of food and disturbance, and whether the response is active or passive. Fauna1 data from experiments are also compared to the ambient community, including samples taken from natural depressions, to evaluate whether colonizing fauna are a specialized subset of the ambient fauna and whether natural depressions are a natural analog to the experimental manipulations.
2. Materials and methods a. Experimental site. Experiments were conducted in late May through June 1989, south of St. Croix, U.S. Virgin Islands (Fig. l) , using the Johnson-SeaLink submersible. The bottom station was located at 900 m in a relatively flat area conducive to submersible work. Bottom currents at the site, though variable, were weak (generally < 5 cm s-l at 5 m above bottom) and directed north and southeast. The bottom sediment was a mixture of fine and very coarse material, composed largely of carbonate tests. Experiments were deployed along a transect, perpendicular to the dominant currents, with depression experiments placed approximately to the west and tray experiments placed approximately to the east of the transponder that marked the station.
b. Tray aperiments. Colonization trays (Fig. 2) consisted of a large (40-cm diameter) Delrin plate with a removable cup bolted to its underside (see Snelgrove et al. (1992) for a more detailed description of the trays). The cup contained a mesh bag (20-km opening) that was filled with sediment until the sediment surface was flush with the plate. The sediment in the cup had a surface area of 100 cm2 and a depth of 10 cm. Posts at the periphery of the plate were used to attach the deployment and recovery lids that sealed the trays during transport to and from the bottom. The relatively small area of sediment compared with the large area of the plate was necessary to allow dissipation of the flow disturbance created by the posts at the periphery of the tray, resulting in smooth flow across the surface of the contained sediment. Flume simulations of realistic tray deployments indicated that flow across the sediment surface was very similar to that across the natural bottom (Snelgrove et al., 1992) . Sediment used for all tray experiments was collected on the initial dive at the site using the grab on the manipulator of the submersible. Sediment was defaunated by freezing, then thawed and added to the trays. Some of the trays (Unenriched Control Trays) were filled with unenriched sediment. Others were organically enriched by mixing either ground Sargassum sp. (Salgassum Trays) or Thalassiosira sp. paste (Thalassiosira Trays) with the top 2 cm of sediment. Thalassiosira sp. paste was purchased from Coast Oyster Company, Seattle with no preservative added. Sargassum sp. was collected from surface waters off the coast of Florida, frozen, and later ground into a mulch to avoid the flow disturbance that would result from algae protruding above the sediment surface into the boundary layer. The Sargassum Trays and Thalassiosira Trays had approximately 1.2% and 1.0% dry weight of organic carbon added respectively. Both treatments had substantially more organic content than the ambient sediment (0.7% carbon). Three trays could be carried on the submersible at one time, therefore one replicate of each of the three treatments was deployed on each dive. The manipulating arm of the submersible excavated a depression in the bottom sediment of approximately the same size and shape as the trays, and then manoevered the tray until it was relatively flush with the bottom. Once bottom currents had carried away resuspended sediment, the deployment lid was carefully removed from the tray and the submersible retreated downcurrent. Although some trays protruded out of the sediment slightly (l-2 cm), the flow disturbances were minor (Snelgrove et al., 1992) and haphazard among treatments. The three trays deployed on a given dive were placed within several meters of each other in a haphazard sequence along the transect; trays deployed on the subsequent dive were placed approximately 10 m farther east on the transect. Trays were deployed and recovered in the same sequence, so that all trays remained in situ for 23 d. In total, five replicate trays of each treatment were successfully deployed and recovered. One of the Thalassiosira Trays was excluded from analyses, however, because it leaked considerably during transport and had markedly lower fauna1 densities than the other replicates.
c. Depression experiments. Depressions were created with an ALVIN-style box corer (e.g. Grassle and Morse-Porteous, 1987 ) that encloses an area of 15 x 15 cm and penetrated the St. Croix sediment to approximately 10 cm depth. The depression experiments had the same treatments as the tray experiments; some depressions were unenriched and others were enriched with Sargassum sp. or Thalassiosira sp. Sargassum sp. was added by sealing it inside the benthic grab of the manipulator immediately before the submersible was launched, and then, once on the bottom, opening the grab above a depression immediately after a box core had been taken. Thalassiosira sp. was introduced using a device consisting of a sieve with an attached, swivelling wiper blade and T-handle. Algae was smeared over the mesh of the sieve, and the apparatus was sealed in a plastic bag for transport to the bottom. On the bottom, the bag was torn off, the sieve was held above a depression, and the T-handle was turned, forcing the algae off the sieve into the depression. Aliquots of Sargassum sp. and Thalassiosira sp. were preweighed for depression experiments, but some loss always occurred between the time when the submersible was launched and when algae was added to the depression. Thus, the actual amounts of algae in each depression are unknown. Nevertheless, compared to the ambient environment, they represent a substantial organic input. Depression samples reported here are only those where algae was actually seen entering the depression. Macrofaunal response was evaluated by later recoring the depressions with an ALVIN-style box corer. For Unenriched Control Depression 1 and Sargassum Depression 1,25 d passed between the creation and recoring of depressions; for all other depressions, experimental duration was 24 d. On recoring, the box corer consistently penetrated the sediment to at least 4 cm. Four Sargassum Depressions, 5 Thalassiosira Depressions, and 4 Unenriched Control Depressions were successfully resampled.
d. Ambient fauna. The natural fauna was sampled from the sediment adjacent to tray and depression experiments with an ALVIN-style box corer. Five box cores were taken over undisturbed, flat sediment (hereafter referred to as Flat Ambient), and three box cores were taken over Natural Depressions (approximately 10 cm in diameter and 5 cm deep). Most of the depressions created by taking Flat Ambient box cores were immediately used in the depression experiments described above. e. Sample processing. On board ship, trays and boxcores were extruded at 2-cm vertical intervals and sieved over a 63-pm screen. This screen size was chosen to ensure complete enumeration of juvenile macrofauna. Samples were fixed in buffered 4% formaldehyde and transferred to 80% ethanol within a few days. In the laboratory, samples were stained with Rose Bengal and all macrofauna were enumerated under a dissecting microscope. Protozoa and meiofaunal groups were not counted. Macrofauna were identified to the lowest possible taxon; however, identification was often limited by the fact that most specimens were juveniles. Because algal enrichment was either placed on the sediment surface (depressions) or integrated over the top 2 cm of sediment (trays), only individuals from the upper 2 cm of all samples are reported here. Preliminary sorting of tray samples indicated that deeper fractions contained relatively few (generally < 5) individuals.
jY Hypotheses for experiments. Colonization tray and depression experiments were designed to test the hypothesis that similar densities of similar species would colonize all treatments, regardless of amount or type of enrichment, and that this fauna would be comparable to the ambient fauna. In addition, by comparing results in depressions with those in the colonization trays, it was possible to test the hypothesis that larvae are passively entrained in depressions and should therefore occur in much higher densities in depressions than in trays. Because depression and tray treatments differed in ways other than flow characteristics, several other potential-differences were tested. Trays isolated the contained sediment from the surrounding sediment, potentially excluding burrowers and subsurface deposit feeders relative to depressions. To test this hypothesis, effects of the treatments in the two types of experiments (i.e., trays and depressions) on the total density of burrowing fauna were qualitatively compared with the effects on non-burrowers. Similarly, surface and subsurface deposit feeders were compared among treatments. Because predation may also influence fauna1 composition, the densities of omnivores (i.e., potential p re a ors in the different treatments were compared between the d t ) two experiments. Classifying organisms into different feeding and mobility groups proved to be a difficult task, and reliable classifications were readily available only for polychaetes (from Fauchald and Jumars, 1979) . Fortunately, most of the taxa sampled were polychaetes, therefore limiting the analysis to polychaetes (Table 1) eliminated a relatively small portion of the data in most instances. In classifying polychaetes into feeding modes, it was impossible to discern whether omnivores such 
as hesionids might be carnivores; therefore, omnivores were included with carnivores based on the assumption that they are potentially carnivorous.
Although tray and depression experiments do not directly mimic a natural disturbance, an assumption of these experiments is that Natural Depressions are a disturbance and may accumulate organic matter, resulting in a patch to which a specialized fauna may respond. Thus, sampling of Natural Depressions was performed to evaluate whether the fauna in Natural Depressions differed from that in Flat Ambient sediment.
g. Statistical analyses. For density comparisons, box core surface areas were normalized to the surface area of the colonization trays (100 cm2); densities in colonization trays represent actual counts. Total densities of organisms were compared among depression and tray treatments using the ANOVA model y = )L + Container + Treatment + Container x Treatment + Error, where TV, is a constant, Container is the type of experiment (trays or depressions) and Treatment is the amount and type of enrichment (Thalassiosira, Sargassum, Unenriched Control). All terms in the model were fixed. Data were log (X + 1) transformed to homogenize variances. Because the Container x Treatment interaction term was highly significant and the Container and Treatment effects were also significant, the 6 treatments (3 treat-ments each of trays and depressions) were simultaneously compared with a Tukey's HSD Multiple Comparisons Test to determine which means differed.
Diversity was compared in different treatments using Hurlbert rarefaction (Hurlbert, 1971 ) a diversity measure that is sample-size independent, sensitive to rare species (Smith and Grassle, 1977) and the least problematic of the "diversity" measures (Hessler and Jumars, 1974) particularly for deep-sea applications. Hurlbert rarefaction correlates strongly with other diversity measures such as ShannonWeiner (Grassle and Maciolek, 1992) . Replicate samples were pooled to calculate diversity for each of the treatments. Rarefaction curves were calculated for random samples of 50 individuals, and for treatments in which the total number of individuals collected was less than 50, abbreviated curves were calculated.
Similarity of samples was measured using the similarity index NESS (Normalized Expected Species Shared) (Grassle and Smith, 1976) . The clustering package COMPAH90 was used to group samples based on group-average sorting of NESS similarities. Because clustering analysis has several serious drawbacks (e.g., Field et al., 1982) non-metric multidimensional scaling of NESS similarities was also performed. A random draw of 9 individuals was used for comparison of samples; this choice allowed inclusion of all samples except for Unenriched Control Trays, where numbers of colonizers were extremely low. Comparisons based on a larger number of individuals revealed similar groupings for those samples that had sufficient numbers of individuals to be included in the analysis.
In separate analyses, differences in mobility, trophic mode, and dominant polychaetes were initially tested using the same ANOVA model described earlier. Again, all terms in the model were fixed and data were log (X + 1) transformed to homogenize variances. For all between-treatment comparisons made (burrowers, non-burrowers, omnivores, surface deposit feeders, subsurface deposit feeders, and the two most abundant polychaete taxa-Capitella spp. and Nereimyra punctata) the Container x Treatment term was highly significant, therefore when the Treatment or Container effect was significant, the 6 treatments (3 treatments each of trays and depressions) were simultaneously compared with Tukey's HSD Multiple Comparisons Tests to determine which means differed. For Capitella spp. and Nereimyra punctata, Unenriched Control Trays and Unenriched Control Depressions were dropped from the analysis because densities in each replicate were often all or nearly all zeroes, resulting in extremely low or zero variance. An assumption of these analyses is that the potentially confounding effect of location of trays and depressions was unimportant (i.e., the placement of tray experiments 10's of meters away from depression experiments did not contribute to differences between trays and depressions). Although there is no way to be certain that this difference in location was unimportant, the areas were in immediate proximity to one another and appeared to be similar. [52,2 3 . Results A large number and broad diversity of organisms colonized different treatments over the relatively short time scale of the experiment (Table 2 ). In total, 4101 individuals colonized artificial treatments, representing 117 different taxa. A complete species list is available upon request from the authors.
Comparisons of total densities for different treatments revealed several very striking patterns (Fig. 3) . Enriched trays had significantly higher total densities than any of the other treatments (Table 3) , and numbers greatly exceeded those in the ambient sediment. Thalassiosira Trays had significantly higher numbers of animals than any other treatment. Unenriched Control Trays were colonized by very few individuals, and mean densities were far less than that in the ambient sediment.
Results for depressions were very different from those for trays. Mean total densities were highest in Sargassum Depressions compared with Thalassiosira and Unenriched Control Depressions, however, none of the depression treatments was significantly different (Table 3) . Neither Thalassiosira Depressions nor Unenriched Control Depressions exceeded ambient fauna1 densities. Although mean values for total densities in all 3 types of artificial depression were slightly higher than in Unenriched Control Trays, densities were much lower than in enriched trays. Densities in Sargassum Depressions were significantly higher than Unenriched Control Trays. Total densities in Natural Depressions were comparable to Ambient Flat samples. Because the four most abundant colonizers (Capitella spp., Nereimyra punctata, Nebalia sp., and Cumella sp.) comprised approximately 86% of the total individuals collected in tray and depression experiments, it is not surprising that patterns of colonization for these taxa (Fig. 4) were similar to those observed for combined totals (Fig. 3) . Capitella spp., Nereimyrapunctata, and Cumella sp. were all extremely abundant in Thalassiosira Trays, moderately abundant in Sargassum Trays, less abundant in Sargassum Depressions, and virtually absent from Thalassiosira Depressions.
All of these species were rare or absent from Unenriched Control Trays, Unenriched Control Depressions and Flat Ambient samples. Nebalia sp. was the only abundant colonizer that had higher mean density in a depression treatment (Sargassum) compared with a similar tray treatment, however, the variance was very high and colonization of Thalassiosira Trays for this species was substantially higher than Thalassiosira Depressions.
Nebalia sp. densities in Unenriched Control Trays and Unenriched Control Depressions was extremely low. In summary, total densities and densities of dominant taxa in depression treatments were either comparable to or considerably lower than in corresponding tray treatments.
The two major groups in the clustering analysis (Fig. 5) included enriched trays and Sargassum Depressions in one group and depression treatments and ambient samples in a second group. The relationship between depression treatments and the ambient fauna is more easily discerned in the multidimensional scaling (MDS) analysis of NESS values (Fig. 6) , where representation of data similarity is not limited to two dimensions. The 3-dimensional MDS gave a shear value of 0.085 (0.1 is considered a maximum acceptable stress level, E.D. Gallagher, pers. comm. Hurlbert rarefaction indicated very reduced diversity in enriched trays, and less reduced diversity in Sargassum Depressions (Fig. 7) . Diversity in Sargassum Trays was substantially higher than in Thalassiosira Trays (Snelgrove et al, 1992) , but only when comparing very large numbers of individuals. In other treatments, there is little evidence for reduced diversity in artificial (Thalassiosira Depressions, Unenriched Control Depressions and Unenriched Control Trays) and natural (Natural Depressions) "patches" of disturbance. Colonization trays may have attracted non-burrowing fauna but isolated burrowing fauna (e.g., Kukert and Smith, 1992) . Analysis of variance indicated that non-burrowers were more abundant in enriched trays than enriched depressions (Table 4) Control Trays. These results suggest that neighboring burrowers may have colonized depressions more readily than trays, however, the most abundant burrowing polychaete taxa (Capitella spp. and Nereimyrapunctata) were most numerous in enriched trays and presumably colonized from the water column.
Results from ANOVA comparisons do not support the hypothesis that omnivores reduced densities of colonizers in depressions compared with trays. Omnivores were significantly more abundant in Thalassiosira Trays than in Thalassiosira Depressions; however, neither of the Unenriched Control Tray/Depression and Sargassum Tray/ Depression contrasts were significantly different. Moreover, surface and subsurface deposit feeders might be expected to occur in higher densities in trays if impact of predators was greater in depressions. Subsurface deposit feeders were significantly more abundant in Thalassiosira Trays than Thalassiosira Depressions, but a similar effect was not observed for Sargassuml or Unenriched Control Tray/Depression comparisons. For surface deposit feeders, densities in Unenriched Control Depressions were significantly higher than Unenriched Control Trays, and other Tray/ Depression contrasts with similar treatments were not significantly different.
Discussion
Highly diverse habitats, such as coral reefs and rainforests, generally tend to be spatially complex (e.g. Connell, 1978) , and the deep-sea appears anomalous in its apparent homogeneity. A key factor contributing to the immense diversity of the deep sea may be microhabitats created by small-scale patches (Grassle and Sanders, 1973) . Phytodetritus may serve as an important food source for benthic organisms (e.g. Gooday, 1988) and organisms associated with detritus, such as bacteria, cyanobacteria , flagellates (Turley and Carstens, 1991) and ciliates (Silver et al., 1978) are all potential food sources that could attract deep-sea macrofauna. Indeed, Thalassiosira sp. was chosen to mimic phytodetritus patches (e.g., Billet et al., 1983) and Sargassum sp. was chosen to mimic macroalgal accumulation on the deep-sea floor (e.g., Suchanek et al., 1985; Grassle and Morse-Porteous, 1987) . A variety of other potential food sources exist in the deep sea, including whale and fish (Stockton and DeLaca, 1982; Smith, 1986) carcasses, macroalgae (Grassle and Morse-Porteous, 1987) , and seagrass (Suchanek et al., 1985) . Without doubt, further research will reveal other potential carbon sources, and thus increase the possible "patch" types available to deep-sea organisms.
Many taxa are known to respond to food patches and other forms of disturbance. Megafaunal densities may rapidly increase in response to sedimented phytodetritus (Billett et al., 1983) and fish carcasses (e.g., Dayton and Hessler, 1972) . Some species of benthic foraminifera also occur in high densities in the presence of phytodetritus (Gooday, 1988) and artificial and natural disturbance (Levin et al., 1991) . Macroalgae (Grassle and Morse-Porteous, 1987; Grassle et al., 1988) and disturbance generated by feeding-mound formation (Kukert and Smith, 1992) have both been shown to result in changes in relative abundance of dominant species. Biological disturbance as varied as megafaunal feeding (Smith, 1986) to polychaete feeding (Thistle, 1979) may also influence community composition, and biologically produced structures such as feeding mounds (Levin et al., 1991; Kukert and Smith, 1992) , mud tests (Thistle and Eckman, 1990) and Xenophyophorea (Levin et al., 1986 ) also have associated faunas that differ from that in the ambient environment. Depressions formed by burrowing (e.g., Aller and Aller, 1986) infaunal sediment reworking (e.g., and feeding activity of mobile macrofauna may also contribute to patchiness, however, the impact of these activities on biodiversity is not known.
In an earlier paper (Snelgrove et al., 1992) , we presented colonization tray data in support of the patch-mosaic model. Results suggested that a specialized subset of the Ambient Flat fauna responded to the colonization trays, and fauna1 response differed among tray treatments. Many of the dominant colonizers were opportunistic, and similar responses have been observed in other deep-sea habitats (e.g. Grassle and Morse-Porteous, 1987; Grassle et al., 1988) . Our study offers the first evidence that different faunas colonize different patch types, which is important if a patch mosaic is indeed the reason for such high deep-sea diversity.
Depression experiments offer additional support for the patch mosaic model. Sargassum Depressions were clearly very different from Thalassiosira and Unenriched Depressions both in abundance of dominant colonizers (Fig. 4) and in fauna1 similarity (Figs. 5, 6) . Thalassiosira Depression fauna did not show strong differences from Unenriched Control Depressions, although it was somewhat different from Flat Ambient. Thus, different types of disturbance produced different fauna1 responses. [52,2
The absence of strong fauna1 differences between Thalassiosira Depressions and Unenriched Control Depressions, and also the low densities of individuals in Thalassiosira Depressions is surprising, given the extremely high densities in Thalassiosira Trays. One explanation for this result is that Thalassiosira sp. was more readily available to consumers in depressions than in trays because it was dropped on the sediment surface rather than integrated through the top 2 cm. Thus, increased availability and lower amounts added (some Thalassiosira sp. paste was lost during addition) may have resulted in rapid depletion of Thalassiosira sp. by opportunists that emigrated out of depressions before we resampled 24 d later. This could have resulted in similar faunas in Unenriched Control Depressions and Thalassiosira Depressions.
The same sort of effect may not have occurred with Sargassum sp. because particles of algae were larger (and less easily ingested) and more resistant to decomposition (Sieburth and Conover, 1965) . Consumers may have been unable to utilize this resource as rapidly as the Thalassiosira sp., resulting in greater persistence of the Sargassum "patches."
Compared with Thalassiosira and Sargassum Trays, total numbers of individuals and densities of dominant species recovered in depressions were surprisingly low (Table 2, Figs. 3, 4) . Because numbers in depressions were low relative to trays, and densities differed substantially between depression treatment types, passive trapping did not occur. Thus, colonization by dominant colonizers, at least, was highly active and selective. This does not preclude the possibility that near-bed hydrodynamics may influence deep-sea colonization processes. For most species, too few individuals were present to draw any conclusion concerning passive trapping. Even for abundant species, however, it is unclear whether near-bed hydrodynamics may modify settlement patterns. In a flume study of two shallow-water species, settling larvae were able to select between sediment types, but probability of encounter with the sediment was enhanced in the trapping flow environment of depressions (Snelgrove et al., 1993) . Thus, hydrodynamics were important in transporting larvae to the sediment, at which point larvae exhibited selectivity. Similarly, Snelgrove (1994) observed elevated densities of a variety of taxa in depressions compared with flush treatments in a shallow-water muddy habitat. It is possible that transport of larvae to depressions in our deep-sea experiments may also have been enhanced, but larvae were able to escape if the organic matter was either unsuitable (early stage of the experiment) or perhaps after organic matter had become relatively depleted (later stages of the experiment). Clearly, however, dominant taxa could escape if they so desired.
Perhaps the most interesting result of the depression experiment was the variability of the fauna in Natural Depressions, and the clear separation of Natural Depressions from Flat Ambient fauna (Fig. 6) . It is not surprising that the Natural Depressions do not form a tight, discrete grouping given that their age and history are completely unknown. What is most striking about Natural Depressions is that they have similar diversity (Fig. 7) but different species composition (Fig. 6 ) compared to Flat Ambient fauna. This difference may be a result of organisms responding to differences in grain size, carbon content or many other sediment characters. What is most important about this result is that the fauna in natural disturbances is different from undisturbed areas, a finding that suggests that the artificial disturbances created in these experiments have applicability to nature.
Another explanation for the generally lower densities of organisms in depressions is that predators may have been more abundant in depressions than trays, resulting in higher predation on, or active avoidance of trays by, dominant colonizers. Evidence in support of this explanation would be higher densities of predators in depressions than in trays and lower densities of surface and subsurface deposit feeders in depressions. Densities of potential predators (i.e., omnivores), however, were generally lower in depression treatments than in corresponding tray treatments (Table 4) . Subsurface deposit feeders were less abundant in depressions than trays in Thalassiosira treatments, but densities did not differ between trays and depressions for the Sargassum and Unenriched Control treatments. Surface deposit feeders also did not support the hypothesis of higher predation in depressions because densities were generally higher in depression treatments than in tray treatments. These results do not indicate that predators caused a reduction of densities of colonizers in depressions but this does not eliminate the possibility that large, mobile predators (e.g., fish, crabs) may have avoided trays more so than depressions. To attribute all of the observed patterns to predation alone, however, would require an extremely convoluted explanation.
Organisms could not migrate through the sediment into trays, and because within-sediment migration may be an important colonization mode over small scales (Smith et al., 1986; Kukert and Smith, 1992) this potential bias was examined. Densities of burrowers were generally lower in tray treatments compared with depression treatments (Table 4) suggesting that trays do reduce colonization by burrowers, although some of the opportunistic forms (e.g., Capitella spp. and Nereimyra punctata) were apparently able to overcome this obstacle. Opportunists were extremely abundant in trays, yet less abundant in depression treatments and relatively rare in the ambient sediment. Clearly, despite the fact that many of the dominant opportunists were potential burrowers, within-sediment migration was not the dominant dispersal mode for these taxa. Densities of nonburrowers did not show the same sort of trend, and nonburrowers were actually more abundant in tray treatments.
The rapid response to added food resource (enriched trays and depressions) compared with the slow response to added space resource (unenriched trays, unenriched depressions) suggests that food is more limiting than space in this habitat. It has been suggested that a competitive bottleneck may exist in the deep sea (Jumars et al., 1990) where juveniles must compete for limited food resources to [52, 2 "squeeze through" the bottleneck. Mature individuals do not show much specialization in the deep sea (Dayton and Hessler, 1972) and this seems inconsistent with a high-diversity habitat. If, however, such a bottleneck exists, specialization and "weeding out" may occur at the larval and juvenile stages. Densities of competing adults may be sufficiently low (because of the "weeding out" at the bottleneck) such that colonizing larvae are not outcompeted. The vast preponderance of juveniles in our experiments is consistent with the concept of a larval bottleneck. Although the fauna in "patches" consisted almost exclusively of juveniles, ambient fauna was largely adult, suggesting that colonization of patches was by dispersing larvae.
The rapid macrofaunal response observed in our colonization trays over a very short time period (23 d) suggests that important community dynamics may occur over very short time scales, particularly where pulses of organic matter are involved. Indeed, Thalassiosira Depressions and Unenriched Control Depressions showed only weak differences from Flat Ambient fauna, suggesting that the recovery after small disturbances and "patch" formation may be rapid. With a single exception (Desbruyeres et al., 1980) , macrofaunal colonization in the deep sea is thought to be a relatively slow process (e.g. Grassle, 1977; Levin and Smith, 1984; Desbruyeres et al., 1985; Grassle and Morse-Porteous, 1987) relative to shallow-water systems. These studies have been conducted over time scales of many months, however, and in some cases have not used any form of enrichment. It is possible that carbon pulses may produce rapid responses followed by emigration, and these dynamics may be missed over longer time scales. Studies of deep-sea species response over varying periods of time are sorely lacking, and would undoubtedly produce interesting data. Evidence from other work also suggests that some events in the deep sea may occur more quickly than was once thought. Megafaunal organisms respond to carcass falls within hours (e.g., Smith, 1986) , perhaps explaining why carcasses are observed so rarely from submersibles (Grassle and Morse-Porteous, 1987) . Macrofauna respond to artificial mounds within months (Smith et al., 1986) , and Foraminifera may respond to seasonal phytodetritus over a similar time period (Gooday, 1988) .
There are two other explanations for the high colonization densities in the present study compared to previous deep-sea experiments; the sieve size used in this study was very small and trays were placed flush with the sea floor. The use of a small sieve size (63 pm), cannot explain the difference in results because most individuals ( > 95%) were retained on a 300-Frn screen that is comparable to sizes used in other studies. Near-bed hydrodynamics may influence settling larvae (e.g. C.A. , and the disruption of boundary-layer flow by protruding trays may have reduced numbers of settling larvae in previous deep-sea studies (Smith, 1985) . However, if colonizers are sensitive to near-bed flow strictly as a result of passive transport, then substantially higher colonization would be expected in depressions compared with trays. It is possible that larvae may actively avoid elevated trays or simply never encounter them, particularly if larvae swim close to the bottom.
A critical difference between shallow-and deep-water systems is the persistence of patches. in shallow-water systems, patches may last from hours to weeks before rapid biological reworking of sediment (e.g., Rhoads, 1963) or physical processes (e.g., B. obliterate the patch. At the St Croix site, depressions created by box coring in 1989 were visible and similar to their original shape when we returned to the site in October 1991. Thus, the transient nature of such patches in shallow water may limit fauna1 specialization on patches, particularly for populations with short, synchronized reproductive periods. The long-term persistence of patches in the deep sea allows opportunity for specialization and succession, perhaps more specifically for juveniles than adults. Detailed examination of different patch types over time and response of juveniles may be the key to understanding deep-sea biodiversity.
